[image: image1.png]Mé Baon 16 nmapandve oxentikd propodue va Bewprioovus 6 Eda-
90g odv Eva ovotnua mod droteheitar and tpeic pacelg :

— Zteped gaon.

— “Yypni pdaon

— "Aépra @don.

‘H oteped odon dmoteleltar and 1@ cwpatidia 100 &ddgoug xui
kaleital oteped untpdo (solid matrix). “H Oypn ¢aon anoteisitan and 0
vepS kai ano tov dépa tob Edagoug.

T6 tufjpa 100 Edagoug mov drnoteleitat and thy Oyph kai v dépa
@don xakeital xdpog 1OV KeVAV fi 1 Pog TdV ndpwv (void space or pore
spacel.

To abvolo otepeds, bypfig kai depiov paong kaleital nopddes uso
(porous medium) xai f| pon tdv pevoTdV péca 616 Edagog xareital po
814 nopmdovg péoov.

To Edagog Aownov elvar &va mopddec péoo kxai oav tétolo dnotehei-
Tt and Eva dnepo tARBog mOpwv, of mEpIGoHTEPOL ARG TOVG dmoioug
aAAnioovvdtovtal kai oynpatiovy OV anoteAeopatikd xdpo TV wO-
pav (effective pore space). & avtifeon pé adtovs, dnapyovy TOpoL MOV G
aiinhoovvdéovrat R dxoun xai Aot mob GAAnAocuvséoviar pgv, ma-
povaialovy Spmg t6 Eva Gxpo @paypévo (hlind pores) xai Etor 8év elvin
anotelecpatikoi, yrati 8év pnopel va yivel pof Si1d pécov TETOIWV TO-
pwv.

1.2. Zydoeig peralv dyxov rai pdlag

Z16 oy. la divovps pia dvaimpocsonevtikt sikdva £vOC TPAYUATIKOD
Edapikod dsiypatog pé tig Tpeic paceig tov, Evd até oy. 1b Sivovpe mé
oynuatiky napiotoon &vog ideatod 2dupixod Ssiypatog, mol B4 pdc Bon-
Ofcer va mpoodiopicovpe Tig oxfoeig petald Tod Syxov kai tHg patag
@V TPV @hogwv. Ztd Selypa adtod of tpeig pdoeig elval capdg yopi-
GUEVEG OF Tpia pépn:

Z16 kGte pépog elvar | oteped paon, otd pecaio fy dyph edon kai
o106 émave pépog 1 dépra eacn :

Mé B4om 16 ox. 1 mpocdiopilovpe tic mapaxdtw oyioeg petokd
pagag xai dykov :
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Zyx. 1. Ixnpanikn mapaotacn £dapikod deiypatog
{a) Mpaypatuxod Edapog
¢b) "18catd Edagog yepiopivo of TpEig @hatlg
a) ITvxvétnta 106 atepeod p,
4, (.n
p == .
sy,

Ita meproocotepe alartodya &8aen 1 péon mukvotnta TdV copan-
Siov petaBarretar petald 2,6 xai 2,7 g/em®, | 38 mapovcia dpyavikdv
oboLdY perdvel Ty Tt 100 p. Toddéc popég i nukvotnta Exgppaletar
ot Bpouvg tod £idikol Bapovg dniadn od Adyog Tiig mLKVOTHTOG TRV
£Sapdv xai Tfig TukvOTNTag Tob vepod ot 4° C xai bnd TH drpoceaipt-
x7 migon. To eldixd 8apog elvar Ghrdotato kai &retdn 1| mokvoTNTA TO00
vepod naipvetar Ton pé Ig/em®, apiBuntika 16 eidikd Bapog cvpminter pé
v tukvotnTa.

B) Pavduevy moxvitnra oé Lepri xatdotaan py

,,b=MI=_Ms_, 12
V, VA4V +V,

t






[image: image3.png]Elvat 6 Léyog thg pabag tdv Eepdv otepedv copatidiov (tepayisu)
npoG OV Ohikd Byko 10D E3agoug. Ta 23apn dupddn eddvel v Tn
1,6 g/cm® v 14 iAvddn &daen xai apy1dsn @baver thv tiun 1,1 g/em®.

v) Parvouevn rokvotnta of Sypr katdotacn p,

p =M MM, a3
! L VAV 4V,
8) flopodes n
\Z V +V
n=J=_"0_"wv 14)
V, VvV,

To6 mopddeg mapovoidler tov dhikd Syko thv mopwv tod E3agpovg
xai ékgpaletar ot nocootrd %. ‘H dopn tod &ddpouvg mailer omouvdaio
pOLo a1OV mpoadlopiopd tob mopmddovg, Emiong 3€ kai 16 péyebog BV
copattdiov. "Eror 1a 88Gpn mov tlvar yovdpoxokka {(Gupuddn) elvar
Aydtepo mopaddn (35 pexpr 50%) amd té Aemtokokka (GpyiAmdn, 40
péxpr 60%).

Té6 mopddeg &vd mapovowdler peydro Evdiapépov yid thv kivnon
100 vepod, dév plic ninpogopel kaBdrov yYid THv xatavour v mopwv
péoa otd 2dapikd Setypa, ywati drnotehel pia pakpookomikt idi6TnTa
o0 38agpovg. ‘H xatavopn tnd peyéBoug tdv mopwv (pore - size di-
stribution) &nnpedlel odoraoTikd TV kivnon 1ob vepod kai tod dépa fid
pécov tod $8apovg kai yi' adtd Exouvv dvantuyfel norhég Bewpies nave
o1d Béua adtd, mod B4 pdg dracyorfioovv oTO6 kepdhaio « AkOpesTtn
pony.

g) delktng kevdv e

e= 2% = ! (1.5)
v V-V,

‘O Seixtng kevdv e ypnoponoteital kuping oTAV Edagounyavik,
&v®d otic otpuayyicelg nmpotipolpe v ypnoiponoinon tod topddovs. O
Seiktng kevdv e ouvvdéetar pé 16 mopddeg n pé i oxéon






[image: image4.png]o1) Hepiexticotnra o vepo # vypacia

‘H neprextikdtnta of vepd fi Oypacia ékepaletar gite of oxéon pé
™ oteped pala (Dypacia katd Bapog w) eite of oyéon ué 10v dAKO
dyxo tod #dagikod Seiypatog (dypasia xat’ dyko 6)

ot 1) Yypaoia katd Bdpoc w

M,
-

s

w= (1.6)

Elvar fj pdfa tod vepod of oyxéon pé thv pala t@v copandiov tod
&epod €dGpovg. Zav Eepd Edapog Bewpolue 16 dnoknpauévo péoa o Eva
@obpvo kai ot Oeppoxpasia 105° C. "Exepaletal of mocoota %, kai 1
£8Gaon dlatolya kopeopéva 106 w kupaivetar aro 25 uéypt 60%,.

ot 2)Yypasia xat’ dyxo 6

1% 1%
g="w= v amn
v, Vv,

Elvai 6 8ykog 108 vepol of oyxéon pé tov Shikd dyko 10d Edagikod
Seiypatog xai Ex@paletar of mocoota %. DMé aupddn &3aen xai of
KOTAoTaoN KOPESUoD EYouvue

f5 = 40 ~ 50 %.

Evd YId dpyiA®@Sn &8aen kei of xatdctacn xopeopod Eemepvi moAAEg
@opEg thv Tiun 60%. Ma THv katdoTtasn kopecuod ioybst

g =n

3

'Ano tig oyéoeig (1.6) xai (1.7) npoxvrret 1 napaxatw

0_ M, M, P
7—(", )/( - (18)

Ve
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Ve
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V.4V,

s=2_
Y

‘O BaBuodg Kopeopod fi kopeopds Ekepalel 1oV dyko tod vepod péoa
artale, Tdgang tal Edagikal deiypatag of xocostd %. "Etor yid Eva Eepd
£dagog Eyxovue S = 0% &vd 114 Eva ESapog Kopeopévo Exovpe S=100%.
Duoika ot oon dév dravrodpe Tig Svo adtég dxpaleg nepintdoels.

‘H bypaoia, 160 nopddeg kai & 8aBpdg kopeouod ovvéovtal pé v
napaxato oxion :

g Ve Vo VatV
v, Vv, v

a w '

=Sn (1.10)

1.3. Mnyavikyj gbotacn 106 éddgouvg (soil texture)

T6 péyebog tdv cwpatidiov &vog E8apovg petaBarretrar aiobnrd
arnd dpiopéva xovdpoxokka, mod clvar Spotd pé yopvé pan péxpt GAda
Aentoxokka, mob elvar koAroeldf kai elvar &dvvato va 1a dobpe. Bacr-
k& ywpifovpe dra 1@ copatidia mob repiExoviar péca otod Edapog ot
TPEIG xatnyopies.

—"Appog.

— "IAbg.

— "Apyirhog.

"Etot | oxstikf dvakoyia &upov, ilbog kai dpyilov of Eva Edapkd
deiypa mpoodiopilel T pnyavikn obotacn 108 Edagovc. “Yrapyoov
S1apopeg péBodot yia T takvopunon tdv Edaedv ué Baomn Tov RApand-
ve Sueyopiopsd tovs. "Etor 016 mapaxdrte oyfipa Sivoupe v takivoun-
on tod U. S. Departm. of Agriculture, U. S. Bureau of Soils & U. S. Public
Rds Ads xai tiig International Society of Soil Science.

"Eva £30gog mob GmoteAsital 25 dhoxAipov fi oxedov EE’ GAoxAN-
pov dnod pié dpiopévn katnyopia 8apdv kakeital SPO6HOPPO, Evid ddv
oi koéxkotl elval Srapopetikdv peyebdv xareitar xaldc d1ababuiouévo.
"Etc1 616 o). 3 gaivoviar dpiopéveg tumikég KOKKOMUETPIKEG KAPMOAES
¢ katavopfig Tob peyiBoug TdV koXKOV, MOD Tig Maipvovus of fptho-
yapiBuikn khipaka pé GEova @V x 16 péyeboc TV KOKKWV Kai G€ova
@V y 16 T0000TO 10D Bapoug mob mEPVE &nO KGBE KOOKLVO Of KGle
avadlvon.
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2. 2. Mnygavixi) xathtoln 1dv Edeedv chppova pé T dpa drakvpiavoeng 1@V Siapttpov
v copandiov.

Of KOKKOMPETPIKEG KAURMOAEG YpNoiuevovy Ermiong yid va pifouue
Sidpopa péon peyédn xoxkov. “Etor ovyva xpnoiponoobue 1 diauetpo
dip mob omuaiver tH Sapetpo Exeivn @V xookivev mod nepvé dnod
péoa pikpdrepo mooootd kOkkwv and 16 10% ot Bapog. "H Siapetpog
avth kaheital Evepyn Srapetpog TdV KOKK®V.

o

100

duevo matd

XaAurddng &upog
"IAuddns duuog
"ApyuiolAds

@
@ LUSowpaTwHEVOS
N

xaohLvliTng
Aveonapuévog
*aoiLvling

@ MovuopuioviTng

o
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Nlocootd Guepy
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=3
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Auduetpos Thv owpaTudiwy (mm)

Zy. 3. Tomkég KOKKOMETPIKEG KAUROAES.

Merayeipiopevor tic Siapétpovg digkai dgo mpoodiopilovue 16v
ovvieAeoth Oporopopeiag tod Hazen, C,

C, = dso/ dro






[image: image7.png]’Enriong moArés @opéc petayelpillopacte 16v ovvieresty SiabBabui-
gea; C,

C, = (dso)* | (dso dio). (1.12)

"Eva xaAd¢ SraBabuiopévo Edagog Exer Dynid cuvrekeotn dpoto-
popoiag, &vd Eva &dapog mov mapovoialel cuvieheoth dpolopopeiag
HIKpOTEPO ANO 2 Dewpeitar dpotdpopgo.

‘H xokkopgtpikfy dvaivon tod £dagoug yivetar Baoika pé kéoKIva,
¢’ Boov mpoékewtar y1d KOKKouvg peyaivtepovg and d =02 mm. Na
wtkeoOTePeg Srapétpoug ypnoiponoteital & vopog 1o Stokes mob dxgpaler
v looppornia pera&d duvapewv Tpbic xai Bapvtntag.

T6 U. §. Soil Conservation Service ypnoiponotel 10 napakdto Tpiym-
vo yua vé rnpoadropioet nosotikd Eva £dapukd delypa. "Etor otig tpeig
nhevpég 100 toomhevpou TpLydvov Tonobetobpe & Tocootd ¥, TG meEpiE-
KTikotntag of Gppo, il kai dpyiho 1od Edagpikod deiypatog.

NOCOOTO auMOU

Zy. 4. Tpiyovo édapiv
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H EZEIXQYH THY KINHIEQY

2.1. 'O mewapatixég véuog to0 Darcy

Té 1856 & Henry Darcy [8] 8npoosievoe ma épyesia mave otq pon
106 vepod 31 pésov dpoyevolc dupov. Té oy. 5 Seixver THv rElpapatiki
aquokevty o0 Henry Darcy.

|

.

ank

=

Zy. 5. Meipapatiki ovoxevty tod Darcy

}
11
i
3
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'Am6 ta@ meipapard tov & Darcy ouvumépave St rapoxn @, mov
nepvd péoa ané thv dmeaveia A g ovokeviic (4 = x D¥/4) slva
avaioyn mpog :

1. Tv émedvela A.

2. Triv dwagopd @optiov hy—h,.

3. T6 avrictpogpo 100 pfkovg L.

4. "Eva ovvteheoth) dvakoyiag K mob dvopdletar 68paviiky dyomn-

AT kad 84 1OV dpicovpe dpiong nopoxdte.

"Etot 1 pabnuatikn Satdnwoon tod tomov tod Darcy elvai

Q = K-A-(hi—hy)/L=~K-A-(ha—hy)/L @1

"E&v xa)décovus 16 A0yo (hy—hi)/L 68pavhiki khion i kai 16 Adyo
(Q/A) taxdtnta Darcy fj eldikn mapoxn g, dniadn mapoxh ava povéda
e¢mopaveiag, 6 tonog 100 Darcy yivetm

g=—K-i 2)

Mnopotue vé &nckteivovpe 16 vopo 100 Darcy xai yid poic Ha
HEcOL Mg kekApévG OTHANG pé Spoyevég OAkd xai vd ypayoupe

Q=-KA(p2—pL, (2.3)

Snwg paivetar 616 oy. 6
Tié v nepintoon adth 16 Suvapké f H8paviikéd poptio ¢; elvar

0, =z,+pllp-g) (24)

kel dp = p,—¢; elvar ) andrewa Evepyeiag mod dpeidetar otig Tprbéc
no¥ dnuiovpyodviar dud pégov tob mopddovg pécov. BéBawa fy Shih
pnxavikf évépyela nepikheicl Evav dpo xivnukilg dvépyerag. “Ev todtolg
6 8pog avtog elvar 1600 Pkpdg (g mpds T6 BEpavilkd poprio, Bots o
B8Aa T npoBARpate 14 mopdSovg pécov mapareinetar.

"Onwg @aivetar ot6 o). 6 Exovpe (p1/y) < (p2fy) xai Speg § pof
Sdnuiovpyeitar mpog T Srevbovon g adtavopevng miéoewg, dAAG TOb
pHerovpévoy goptiov yiati elvar ¢4 > @,.
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& pé otAkn dpiovria Exovue z; = 2z Kai
Q=K-A(pr—p1)fy-L,

Evd y1d@ oTAn xataxopven Exoupus

P p2
o =ut+t—= 92=22 + — L=2z-2z
P8 pg

xai

Q=K-A-(p1—9:)/L = K'A‘[(Pl_Pz)/P‘gL+l]

‘1’ !
92/Y
92
s
z,
Avatoud A, g Q )/
vy Frrrrrrrr: TITTT YT I YTy Y IT T T Ty,
“~

"Encnedo dvagopds

Zx. 6. KexApévn othin Gupov. (y=pg)

"Eav topa Bewpnoovpe Ty mpaypatikn péon taxdinte V Sia pé-
cov 1AV topav, tOTE §| Tpaypatikf Siatopu moH cvppetéyer oTHvV Kivn-

on elvar
A'=A-n (n = t6 nop®ddec)

xai ) napoy @ elvan ton pé

Q=V-A'=VAn

TN
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S

2
-

q=%=V-n=>V= 2.5)

"Qote f| npaypatixh péon tayvinte T@v népev V ouvdéetal pé v
eidikf mapoy q ué tH oxéon (2.5). Morrés popés, drav 16 Edagog cav
nop®dBeg PpECO mePIKAEiel TOAAOUG TOPOUG VEKPOG, TOD 34V CULPPETEYOLY
dnAadn othv xivnon 1od vepod, dpilovpe Eva EAlo mop®dSeEC n,, w
kaAobuevo droteleouatiné nopddes (n, < n), mov mepikAeier SAovg Tovg
&vepyoig mopovg xai % oyxéon (2.5) yivetar

v=2. 2.6
n

"E4v thpa Bécouvps oth oxéon (2.3) ga—g; =Adp xai L =s,—5; =
= 4s,

=(Q/A)
1| oxéon adt) yivetm

d¢ d(p
= —K-lim — = - K- ~K-i. 2.7
s A:—l.’gl As ds ! 2D

‘O vopog 100 Darcy mob npofihfe Gmd 1@ MEWPAPATAE TOL YL& HOVO-
didotatn pon pmopel vi yevikevBel xai yid tpididotatn pony pé Th
popen

G=— Kgrad ¢ (2.8)

brov § elvan 16 Sravoopa idikh rapoxn ué covictdoss g, . q,. g, xai
grad ¢ elvan | 53paviwcy) khion mov dpilstar G EEfC :

3¢9 - 3¢ » 3¢ =
adop=""7T+ 2.7+ 2 .%
grad ¢ dx i 3y " dz

B





[image: image12.png],
]

13

6’ Eva KapieECWVO OUCTNHE cuvietaypévov. "Etot dv Beopficovpe &va
dupoyevég iodtporo uéco Exovue
dg dy &
=—- K=, = —K—, = —K—-: 29
9. R . q, % 29
Na v nepinteon navrore £vdg Spoyevoids icotpoémoy pécov 6 toNOg
to0 Darcy ypagetan

§ = —grad (Kp) = ~grad @, (2.10)

onov P=K-p xodeltar 16 dvvaukd g tayvtnras. TMoAréc gopéc Kai
povo yid thv nepintmon dpoyevodg icotpodmov pécov (K=otab.) & THmog
w00 Darcy ypnotponoteital pé 19 popen (2.10).

‘O throg (2.8) ioyber Eniong xai y1& 1AV nepintoon Evog uf dpoye-
voig icotponov &8apovg K =K (x, y, 7). Td v nepintwon 8& éwig
AVIGOTPOTOL £8GPOLG Ypapovue

§=-K gréd ¢, @11

Omov dpwg K elval &vag OLUUETPIKOG TAVUOTRAS devtépag Tatemg. 'O
vopog tod Darcy. mov Eexivnoe and wid merpapatixi dpyacia, anoteAel
onuepa 16 Baodikd vouo ¢ Kiviigews TV pevotdv of mopwdn pésa. ‘H
pabnuaticn Enckepyacia Navier-Stokes 68myel &miomg ot6 vopo adtov,
KGvovtag dpiopéves amhovatevtikég napadoyéc [2].

2.2. Yopaviiky dywyiuotnta
‘O ovvtekeotng dvaloyiog K ot6 vopo tob Darcy.

g=-K-i (2.12)

KaAeltal dnag avagépape O8pavhikn dyoyipétmta. "Eneidn ol Siacw-
otlg 100 g elvar mapoyh/povada émeaveiac = (L 771 = [L-T™] xai
éneldf ) xhion i elver ddiaoratn, Enetor 81 oi Siactdoeig tiig HEpav-
Mkfic dyoywpoémntag elvar [L-T7). Mropobue Lowmév va nodpe 811
IpaLALKT] GyeyHéTnTa TApioTavel TRV £idikn mapoxh R tayxbtnte Dar-
¢y yua povadiaia krion.

o
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‘H pon péoa otodg mdpovg 10d E8Gpovg unopel va cuykpiBei pé v |
oTpwT pon &vog pevotod péca ¢’ Eva cwrfva kvkAikfic Swatopfic pé l
éowTtepikn dxtiva ro. Mpaypatt Gv Bewphoovpe ) otadeph oTpwth pon |
o’ €va coAnva pé otabepn dcwtepikn diapuetpo d=2R anodeixvietar [7] }

o6t 1) mapoxn otd cwAnva adtév elvar ion pé ‘ ’
/

g-d*\ dp  mpgd,
» ) ——=-( )

(2.13) t

_ TP
0= (12 1282 )

Zz=0
L
IT7TTTTTIT I 77T 77T TTTTF T T TT 77T 70777777 77777777777 77777 7777777 7077 7 77777 7077 7707 77 77770707 77 007

Zx. 7.
Znucivwan

‘H oyéon (2.13) xakeitar Nopog t1édv Hagen-Poiseuille xai mpoxdnter
ano v épappoyn 100 icofvyiov 1dV mocothHTEV Kiviioews o’ éva otol-
XEWDIN xOAVEpo pfxovg dx (ox. 7).

-
(roc6tnta xivnong eioepyopévov) — (nocdtnta xivnong dEepydpevon) + Z F =0.

— ‘H mocoémnta kivnong nov eioépyetar oth Sratoun A-A elvar

_
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(punr’)u |,

— ‘H noocotnta xivnong nov gEépyetar anod tH dtatouny B—B eivar

(punr’)u lde
kai énedn N taxdtnra u elvar otabepn (O6Viun xivnon) &xouvue

! (punru |, — (punr)u| 4 =0

Ot duvapeig mov évepyodv otd oToLEl®dN KOALVSpO elvat :

— Adbvaun tdv miocov

pnr2—(p+%)dx)nr2=———dxnr2.
x

— Abvaun tédv tp1Bdv

f T(2rnrdx).
i
| — Abvaun mov d@eidetar ot Bapvtnta
] y m r* dx-sin .
"Etol raipvoupe
~ 8P 2 P .
2F = ——a—dxnr + 1 (2nrdx) + yrnr dx sing =0,
x

. , , . : dz

fi dwarpovrag ué nr dx xai Oétovrac sin ¢ = — o
| y d ,p y do
i =— —— \— +2Z)r=— — —r. xX=s).
| el el , +9 2 ds (x=s)

; ‘H dratuntikn tdon Spwg dxorovdei 16 vopo 10d Nedtova

du du dr du ( )
‘[: —_—— = —_— —— = - —_— r=1r —
'udy # dr dy A dr oY

Kai N tapanave oyxéon yivetai
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du y do
dr 2 ds
fi
d
du = R —wrdr
2u ds
f
d
=L %2,c
u ds
*AALG 114 r=r9, u=0 xai C = — r i?ro’
4u ds
"Exou tehkd ) tayvinta Exe thv £Efig xatavopn
d
= - Z P -
4u ds
‘H péon tayvtnta V Bpioxeton dg £ERG:
udfE . 4u) (dp/d. 2—r%) 2nrd
v=2_J E_ f(?//l)(¢/s}2(ro ) 2mrdr o mrdn)
E nro Tro
_ vy dp ,  cped . __dp
8u ds " (Z)i (=3)
xai
I 4 npgd’y
= V-E — n  —— = — -1,
Q 8;tr o ds ( I28;t)l

dnladf Bpiokovpe tév tomo (2.13). Eav otdv tdno mol Siver 1 péom
Tayvnta Bécovpe

d?
xk="%_
32u
raipvoovpe
V=-K.i

dnAadn tomo dvaroyo mpdg TOV TOMO TOO Darcy.
"Edv SnoBéoovue tdpa 811 16 mopddeg péoo droteAeltor and Grer-
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pouc TETOL0LG OWAfiveg pEé péomn Siapetpo d xai 6Tt of pta dwatopn
0pBoywvikn (a-b) dnapyouv N tétoror owAfiveg, toTe N €idikn mapoyxn
1a g mopdBovg Swatoptic a.-b elvar

N.Q ~( N-npgd“) ;

= b= 2.14
9s = Osla a-b a-b-128u 214
Tuykpivoviag tig éElomoerc (2.12) xai (2.14) naipvouue
N-npgd* N.n.d*
S A R R WL 2.15)

a-b-128u  ° 128-a-b u

Puoikd i Bedpnon tod £8apovg aav mopddeg péco nov amoteieital
and Greipovg cwhfiveg pé draperpo d amotekel pia idavikn mepintoon.
Map’ 6An AV arhoTnta avtod tob povtédov, drodeikvietal dt1 1 Hdpav-
AN ayoyipotnte unopel va ypael né T popen

k=k" (2.16)

u
dmov 16 k [L?] xodeitan Swamepototnta fi dowtepikiy Sianepatotnta T0b
nopmdovg pécov kai &Eaptiétar and tig idr0TNTEC TOD OTEPEOD UMTPGOOUL,
dniadn TAV xatavopuf v mOpwv, TAV HOPORH TV TOpwv, THV eidikn
Emoeavein, 1 otpebrotnta tiic dradpoufic (rortuosity) xai O mOpHIES.
'Eriong and v (2.16) dramotdvoupe 41t 1) B8paviikn dyoyipotnta elva
ovvaptnon kai tdv idothitov To0 pevctod oL péel 61O TOpPdEG péco
(moxvoTnta, duvapixo 1EMSeEC)

Katd xaipodeg davantoybnkav didgopa poviéda yud va mopacTtiooL
16 mop®ddeg péco kai 1) Ecwtepikny Samepatotnto pé Baom 1d povidha
avtd pnopel va éx@pactel pé T yeEVIKN popoen

k=fi(s)-fa (n)-dP, (2.17)

énov fi (s) xaAgitar nopayovrag popefic, f> (n) xaieitol rapdyovtag Tob
nopwdovg kai d elvar 1§ drotsieopotikn diquetpog tdv kdkkwv. “Etor
Y v mepintwon tiig éElomcewg (2.15) &nedn 16 mopddeg elvan

N.m.d®
4.ab

1 éicwon yivetar
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.d*
k=12 r8&
32 u
Kxai
1
k= —-n-d°
32

“Eva and td poviéda nobd Eywvav mepLocOTEPO YVOOTE Kai Tapadektd
o014 ntopadn péca elvar 100 Cozeny xai oth cuvéxela 1) Tponomoinom Tov
anod t6v Carman 16 (1937), nob elvar yvwotd cav povitédo tdv Cozeny-
Carman. Adtoi glonyayav v &vvora tfig V8pavAikfic dxtivag oTd TopddN
pésa oav 1o Ao6yo tod mopddovg n mpoG tHV £idikn Emigpavela TV
nopwv. ‘H éEiowon tdv Kozeny-Carman elvay

k= — — .42 2.17a
180 (1 —n)* ™ ( )
6mov d,, elvar xanowa péon Siapetpog 1@V cwpatdimv.
Mé 8aon Aomov v é€icwon (2.16) ) &Eicwon tob Darcy ypaoetat
nAéov ¢ EEAG :

__( kpg ydo . kpg d(plpg)  dz\
q= ("”—)?— ( ) ( s +£-

k d
=—— —=(p+pgz) - (218)
u ds

kai Y& 6provria pon

k dp
g=— —— (2.18)
u ds

d

(‘H rapdyeyoc d_(p noipvetal kata pfikog mdg kapmoing s, BA. oyéom
s

(2.18)).

‘H 08paviikn dyoyiudétnta K Exer dnag eidape diastaoceig (L T,
dnradn, Siactdceig TaxvTNTAG Kai PETPIETAL GO MéV TOVE BEPOAOYOLS OF
pétpa &vé Apépa (m/d), and 8 tovg &8apopuoikols of £katootd Gva
devtepodAento (cm/s).

v "Apepikny kai of GAheg xdpec nod ypmnoiponolodv 16 "Ayyro-
cafoviké cvoTNpa petprétal oé gal/day-f, elvon 86
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1 US galiday ff* = 4,72-107° cm/s = 4,08 10 m/d.

INa tyv éowtepikn dtanepatotta ypnoponoteital od povada pe-
TPNCEWS ANO TOUG METPEAMIOAOYOLG 16 darcy. T6 darcy mpoodiopiletat
ano v é€iocwon (2.18) mod yphaoetar o dndéAvtn Tpn

e
q”A

k= — = 2.19
. (2.19)

u.

dp

ds  ds

1 cP % I cm3/fs
1 cm?

! darcy =
i I atm/cm

Té darcy Eyer ocdv dwotaceig (L)* xai pmopel va éxepactsl dv
GVTIKATAOTNOOVHE OTOV Mapanave THTo '

dyn.s
I centipoise = | cP = 0.01 T
cm
s dyn
I atmosphere = | atm = 1,032 X 10 7
cm
6no1E maipvovpe
1 darcy = 0.987 X 1078 cm? (2.20)
fi
I darcy = 1.062 x 10~ f%, (2.21)

I'é va 8polpe v dvrictoryia petad tiig écwtepikfic Swanepatdotn-
tag k xai tfg V3paviikiic dyoyindoTHTAG YpNoIHONOIODHE THY &Eicwon
(2.16)

k=r2%

U

"Etot Oewpodue Y14 napaderypa Eva £8agog nov &xer K = 5 cm/hr =

~ 3.600

cm/s yia vepd ot 10° C. “H émtayvvon raipvetor g = 9,8 m-s~2
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a) Oi duvaueig nov dpodv émBpaduvrikd otnv kivnon tod vepob péoca
616 Edagog, elval 11 tp1Bn xai /| npdceuon. Adtég Bempodvtan dvalro-
veG mMpOg TV Em@avewn A4 Enaefc, petafd Thg otepedc kai Oypiig
eaonc tod ovotipatoc. ‘H SOvaun tiic adpdavelac mitaydver mv
xivnon 100 vepod kai glvar avaroyn mpog tov dyxo tod vepod, i xai
ipdg T6v 8yxo TV KOKK®V V.

Telxd 6 LOyog t1ic EmBpadvvouevne rpodg THV Emtayvvouevn ddva-

N7 oL tupuxInpiler T pof), pnopel vé npoceyyiotel pé 16 Ao6YO !

_As_ 4

S v D,

‘O Loyog advtog M, xakeitan idikf dmoaveia xata t6v Bear [2] xai 3
unopel va ékopactel oav 6 Loyog Evdg ddractatov cuviereotii popeiig
a, xai pidg yapaktnpiotikiic dwapétpov D,, nov & Kozeny dvapéper cav
anoteleopatiky diaperpo.

B) Zopowva pé 16v Kozeny | Siauetpog adth yapaxtnpiler kai neptypd-
@eL 10 £8agikd delypa xai Oswpeitar icodbvaun pé ) StapueTpo pidc
ooaipag &vog duoyevois defyuatos (dnhadf &vog &dagixod deiyparog,
616 Omoio Ohor of koOkkol Exovv TRV {6wa diapetpo). ‘O npoodiopt-
ono¢g tiic anoteleopatikiig Srapétpov yivetar ag £Efig (Zx. Ta).

ZTAV KOKKOUETPIKT] KAUTOAN 100 £Sa¢pikod deiypatog ympilovpe ™v
anoctacn petaly T péyietng kai tfic EAayiotng dapétpov of n ioa
owacthpata. "H péon Siduetpog of xabe drdotnpa il-i2 divetoar and ™v
TIUM

3
D. =
! 1 2 1

Dil Dil+Di2 Di2

To6 Bapog TdV kOKK®V 610 ddotnua adtd divetar ano TH oxéon

W, =4S5-W (6nov W 16 ouvoAlko Bapoc)

Agxopaocte 811 oi xokxol elvar opaipeg xai o1d 00 svothuata (dpoye-
vég xai kavovikod), kai 8t & Adyog émedveia npdg Byxo elvar 6 18og
010 OHOYEVES Kai 610 Kavovikd delyua, dniadn :
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aswW 6
A _ N-D/on vs D
V ND’n/6 48, )
W
s
D L
b 5 45, ’
-

Onov N elvar 6 dp1Bpdg tdv opaipdv 1od dpoyevoidg deiypatog.

Mid avaroyn oyxéon mpoxidmrer yid tiv mepintwon, mod of koxxoL
Srapépovy ot popon and ti opaipes, xai otiv nepintwon adth ypnor-
pomoieital 6 cvviedeotig popefic a xai f| rapandve oxéon yiverar

D, 1
@ a, 48,

y i
D,

1

Ztév wivaxa I divovrar of péoeg tipég 100 cvvieleatii popofic a na

3

g Dl D2 v Di= T N 3 N T (ugon SLAUETPOS)
o Di1 D~l+D!-a . Di2
2 188 > ’ : H
2 80 o 1
o0 Lils el
oP i=] T
w 60 4 S., %} 1 1

d N i2 T T
2 50 P | S. [9 ] 1A
R ) 5 i i ! i
) Y
® 30 s, 4 !
20 g1l : |
e 10 I ! 1
o + < T
g 0 I i ] - 1 t
o ~2% b (b=l % 1563 i HIETWE )
= 2.10 2 ] : i-lb ! L7 ‘E-“ {[b‘ ' v ' 4x10

D1 Do Di1 Di2 D1 The
D21 D22

@ @ @ @ AvaoTAuaTa XwpLouod

Zy. Ta. “Yrohoriopdg tiig droteAeopanixfic Sapétpov.
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v mepinton mod 10 £da@ikd delypa mpoépyetal and motdpeg Evano-
BcaeLs.

v) ‘O Kozeny gicayel v &vvola tfic icodbvaung, Hépoduvapuikd SapéTpov
£voc ocwifiva, dniadn Séxetar 6T 16 poviéro Tov dmotereital andé N
cwifiveg pé diapetpo dy. mod &Eaocearifovv v dwa mapoyn pé 16
£dagikd Belypa. "Anédeife 6T 6 AOyog émedvelwa npdg Oyko eglvar O
id10¢ 016 88a@ikd Beiypa kai otd poviédo kai 6 Adyog avtdg elvar 1
eidixn émedvela mov elvar ion pé (a,/D,).

I'éa 16v tpocdopiond 1fic péong Srapétpov 100 CwANvVa TOD HOVTE-

Aov dy kai 10D dplBpot N 1thv cwAifvov tod repvodv dnd wia dtatoun

UéE émpavela ion pé ™ povdda, kabetn mpdg 1A pony, yivovrar dvo Lrobk-

OELG :

— ‘H ém@avela 1o Torydpatog tod corfva tpdg to6v dyko tov elvar iom
npog 16 Adyo Tfig Empdvelag TdV KOKK®V A Tpog TOV Syko WV
népov  Vp

I d07[ _ 4 A _
[doz 7[/4 do VP n VS n Dh

— ‘H dgbtepn OndBeon avagéper 611 f| xabetn Sratoun tfig pofig mpémnet
va glven 1 1810 ot6 88a@ikd deiypa xai 616 poviéro :

d2
NI

= n.

8) "Edqv thpa Bewpfioovpe &1L 6 tonog tdv Hagen-Poisseuille

_meedty
. Q= (128;4)'

ioylel y16 Eva colfva pé Siapetpo dy, yid 106¢ N cwlrijvec nod nepvody
and ™ Swatouny A=«l» 6a Eyovue

Oy = QN

kai N TaxvTnTa tod Darcy 04 glvar :




[image: image22.png]24

AMXKOK AmL S0d131pay

10070 : T0°0 . 2 . T 0T
ELob T NN
: ) m @6 ; .
i : i 01
0z
og
Ot
0s
*0L$T °Tqousas °,saanies| uou E :
xnaxod xnaTTTw US SjusweTngol SaT suep sTsaIa3isfy,p 09
sauguougyd Sop arejuewfagdx@ epnizy ,, :Auoyglqep oL
Ygndinng un1doinogng uijoup UyarMOK Ux"di3riopxoy
08
06
T00°0 100 . .
1°0 TR 0T
- 11 00T
Soy1Ady | : Sav1 Sorrdp i3y MAY0X
0Z-ST LT-21 ST-0T 2T-6 ; 11-8
AM3033040 AM37M0LOX AML S3AL S303KH

‘D Shddorl AP103Y32400 A2 331y Sa0m 1Q I IVIVNIL

Sodpg 30 91p00O]



[image: image23.png]25

BewpnTunr Sradpour

lpayuatind Svadpour

Qs_ Qék N=— .ﬂg_n) i-dP
A=«1l» 32p
Ottovpe tdpa
4" Dh
d = do = CT
1-n a
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Kai

1 n’ D2
k= R (EDR ( _a_) .
‘H 08paviixn) dyoyipdtnra nobd npoodiopiletar and t6v napandavm
tono elvat mepinov 2,5 @opéc peyaidtepn and THV npayuatucn Smwg
avapéper 6 Kovdcs, y1a 1006 mapaxate Adyoug :

— ‘H kdBetn topn td®v kvkhikdv corfvev 8év clvar kukAk.

— "H dadpopuny tdv coifvev elvar paxpitepn oté Edapikd deiyua
and 8,m1 016 povtédo (oy. 7B) xai ol cwAfiveg §év Sractavpdvovv
xafeta th dwatopty.

— ‘H Swatopfy 1dv corfivov 8év elval otadepn, dGArG petaBarietar
ovveY®G.

"Eto1, oav teEAikd poviérho yid thv Ecwtepikn SlanepatdTNTA NPOTEIiVE-
tal and tov Kovdes 6 axodAovbog tomog :

5 (1-n? Ca

D
‘0 thmog polélel pé tov tomo (2.17a), éva Bécovus (—'—' ) = dm.
a

‘ApiBunrixrj pappoyr
Maipvovpe cav napadetypa ma ilvddn appo [Thonyl ano tig nmpoo-
x®oeg 100 notapod Isére tfic Failiag (Ileproyn Grenoble). ‘H xoxxope-
TPk} KapnrOAN 100 E8a@ikod deiypatoc @aiverar otév wivaka I. TO 8o
Stdo'pnpa Siapénke of 7 Toa pépn xai ol Siguetpor oté Sacthipota
adtd divoviar g EERC :
3

D, = = 0,765 .
1 1 72 ( mm

+
1 1+0,6 0,6

1

J. T. Thony: «Etude expérimentale des phénoménes d' hystérésis dans les écoulements en
milieux poreux non saturés» Thése de Docteur-Ingénieur Grenoble-1970

v
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3
D, = = 0,467 mm
1 2 1

+ +
0,6 0,6+0,37 0,37

8 3
) D; = = 0,282 mm
1 2 1

+ +
0,37 0,37+0,22 0,22

3
D, = = 0,170 mm
1 2 1

+ +
0,22  0,22+0,135 0,135

3
D, = ~ 0,104
ST 2 1 mmn

+ +
0,135 0,135+0,082 0,082

‘ 3
d D¢ = ] > : = 0,063 mm

+ +
0,082 0,082+0,05 0,05

3
D, = — = 0,04 mm
1 2 1

+ +
0,05 0,05+0,03 0,03

45, 2 45 435 365 5 5 35 PR
| p )t B + + + + = 594901 = 59Y
| D, 0,765 0,467 0282 0,170 0,104 0,063 0,04

1
D, =— = 1,68-10% mm = 1,68-104 m
45,
s 45
7 Di
a=12.

Méa t=20°C (neproxn Smov npaypatonotiifnkav td meipapara)
Exovpe ohv Tiun 100 xivnpatikod iEddovg v = 1,01-10"% m/s. ‘H Tipf
100 mopddouvg divetar Ton pé n=6;=0,36. “H tun tfig dcotepikiic Srane-
patdéTnTag slvar :

1 n3 D, .2 1 036
a=r () = T e L6BI07 = PR
’ 496 _n.
266 10
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36

Ky = 1223-107 cm/s.
Y
‘H petpnbeica tipn yia 16 K 8no¢ npoxdntel and 17 Sidaktopikm
S1atp1Bn 100 Thony elvar K = 2,22-1073 cm/s.

2.3. Amoxiioeic dno tov vouo 1o Darcy

‘O vopog tod Darcy map’-6ho mov Exer toxetl edpeiag dpappoyiig otd
neplocotepa npobAfipata pofic o€ mopmdn péoa dév elvar maykdouLOG,
yiati 8év ioyver yid BAeg Tic ouvlfikeg pofic. 'Evd dniadf 6 vopog adtog
éxopalel ma ypappuikf oyxéon petakd g eiducfic napoyfic g (fi taydvm-
tag Darcy) xai tiig 08paviikiig kriong, and xapd Exer ntapatnpndel anod
ToAAoVGg épeuvntég OTL yId peyareg tayvtnteg pofic ) oyxéon avthy &év
glvan mAéov ypoppikn, yati apyifovv ol duvaueig adpaveiag va raifoov
xupiapyo poro of oyton ué tig dvvaueirg tp1bfic. "Etor 6 vopog tod
Darcy pé€ ™ ypappikii Tov popen Epappdletar xkvpiog yia Tig nepimd-
OElg oL EY0ovpe OTPWOTN PoN ME PIKpES TaXVINTEG Kai TéToleg oLvliikeg
pofig Bpioxovue mavra of &daon Avddn pé Aemtd dhixa. I'd mo
rovépokokka £daen Smwe elvar td dupddn xai ta yarlikd®dn ioyxder 6
Véuog tod Darcy yié v mepintoon pikpdv tayvtitov. Elvar Spwng
duvatd otd £8Gen adtd va dvarntuybodv tétoieg cuvlikeg pofic, Bote vi
unv Eoappodletar mhéov 6 vopog tod Darcy.

I'éd va Opicovue Eva xprtiplo yud tAv £pappoyn tod vOpov T0d
Darcy eicdyovue t0v aGp1Bud tod Reynolds Re, mobd &xe@paler tOv Adyo
petagd 1dv duvapemv ddpaveiag xai Tdv duvapeov iEddovg, drwg dxpi-
B8d¢ yivetar pé T pon péoa oé cwifiveg tnd wicon. "Etor & ap1Oudg tod
Reynolds y1& ™) pofy o€ mopddn péco dpilerar and 1H oyéon

q-d
\4

Re = (2.19)

Orov g = W eldikA napoy,
d = | dnotelecpatixn Sdpetpog TtV "OpOV,
v = 10 Kivnpatikod iEddeG.
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Zoxvé oav d maipvetar f| péon Siaperpog OV kOKKOV i EAAEC
Qopéc N dio fi xai'f) dso, vd & Collins [5] naipver d = (k/m)'? Smov k
éowtepixn Sanepatétnta xai n 16 mopdEC.

I'a d8ieg tic nepuntdoerg Aowmdv tfig nphEewg anodeixtnke &rod
nelpapata 811 6 vopog tod Darcy toyver 89’ Soov & apiBudg tod Reynolds
dév Eemepvd md tiuf petatd tod 1 xai 10.

L’ 8ha 14 meiphpata mov Eywvav péxpr cnpepa Opiletar pia oyéon
petald to0 ap1Opod 100 Reynolds Re xai &vog ovvieheotod tp1Biic £ INa
™ oxéon adth ypnoponoeitar & tonog tdv Darcy-Weisbach.

2

L q . .
49 = f—-——> f=2gdilq’ i=(4¢/L)

d 2g
‘O Fanning [2] eloayer v 03paviikn dxtiva R = d/4 xai & mapandve

TOTOG Yivetm

dp =1t 42;~f ld')z
= e — e —— —J—— '
0= f R 2 > dsilg

Z16 oy. 8 paivetar ) oyxéon petatd 100 cvvieheotod TP1Biig TOD
Fanning f xai 100 dp1Bpod 100 Reynolds Re. ‘H e0Beia ypappn Exer v

c
éticoon f =I-(_ , Omov. ¢ elvan vag oTabepdg aplOuoc. Oétoviac Re=
e

= (qd/v) xai ocvvdvalovrag ué THv mapandve oxEcn NaipvoupEe

dnAadn Bpioxovue 16V Ypappikd vopo tod Darcy.

“Otav 6 Re peyardver napatnpeitar pa drdxion ano tév vopo 100
Darcy. ‘H édnéxhon Spwg ané tov véopo 108 Darcy mapatnpeitar Syt
Otav &pyiler va Eppavilerar 1) TopBddng pon, dArd xai otV meproxn
éxeivn dmov Eyovpe pév otpeth pon GAAG adEnuévovg apOpovc Rey-
nolds. "Eto1 616 oy. 8 Swaxpivovpe tpeic reproyse [2].

a) Hepioyri 1. “H pony elvar otpwth xai ol duvaueig iEddovg xvprapyodv,
ioyvel 8¢ & ypappikdg vopog tod Darcy. Té &ve dpro g meproxiic
adtfic elvar md Tipf 100 Re petald 1 xai 10.
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B) Mepoyri 2. "H pow mapapéver otpwtf kai otd &dve fxpo Exovue
petdBaon anoé 1M orpeth pon otHv TpBddn. Of duvapeirg ddpaveiog
kvprapyodv @¢ npdg 1ig Suvapelg iEddovg. ‘Opropévor Bewpoidv cav
Gvo Gxpo tv Tipf Re = 100, 1) neproxn 8é adth xaieltar uf ypappui-
X1 otpwth pon, yiati dév ioyxver & ypappuixée vopog tod Darcy.

Y) Hepioyri 3. "Exovpe Odynrotc apiBuodc Re «xai topBadn pon. Aév
foyver & vopog tod Darcy.

T tig reployeg mob dév ioyber & vopog tod Darcy Eyovv avantoyBel
and diagopoug épevuvntéc moAAG poviéra pi ypappikd. ‘O Bear [2] xaver
pa Aentopepn @vaivon xai neprypan tdv poviédov advtdv. Ta nepio-
odtepa Exovv ™ popon

i=Aq + N¢* (2.20)

kai &tor yia@ pikpég taybTnTeg 16 ¢q* elvar apeAntéo xai xotaAkfyovpe
naAL 616 vopo tod Darcy. “H Polubarinova - Kochina [20) xai 6 Irmay ]
nPpoTEiVOLY

20

37 2.2D

i=Aq+ Bg*+C

Omov A4, B xai C elvar dragpopeg ovvaptioelg t@v rapapétpov 1od
GTEPEOD pnTpdOOL.

Y "Ioxder & véuoc |} ‘0 vwépog 100 Darcy 6€v Loydel

100 Darcy o
” e—  Neproxrt 1 _.'.Jlepuoxﬁ..‘._ ItepLoxh 3
& 10° Ttowtd pofi g 2
K] TPWIN po 12TpwTn ! .
e . W6ELS du- 'kpés Tup-j TVPBUONS pori
e . 10 | - 1Bd6n oo,
£ . I Auvduerg]
S w 10° L g€g :&épavsCaq
w E N pyxol-
> g € H
5 o 102 b S
XM .
‘ U ~ Re'
10 1 1 o | 1
1072 107! 1 10 102 103

Zy. 8. Ixéon petagd tod dpibpod tod Reynolds xai 100 cvvieheoth tpiBfic f tob Fanning.

Al

~p

s e —

t
|




[image: image29.png])|

DYLIKEY IAIOTHTEY TOY EAA®OYY s

1.1. I'evikotnteg

‘O 8pog «Edagoc» avagépetar Baoika othv EEmtepikn Emeavera Tig
vfic mob dapopemdnke pné ovvexeic petabolréc dia péoov tod ypovov. TO
£0a@og oHuepa GrOTEAET TO Avrikeipevo peAéTng mOAAGV kAGdwv T
EmoTAuNG :

— "Edagoiroyia

— "Edagounyavikm

— Teyxvikn l'eokoyia

— Ztpayyiocsig x.Am.

»

‘O £dagporoyog EEetaler 10 Edagog oav &va Quoikd odpa xai dvdio-
eépetal xvpieg yid 164 drotelécpata tdv Boxnpukdv diepyagidv v
TPOTOYEVOV DAKDV, Td 88agikd mpoeil pé td dagopa é8q§pokoymd
orpapata fj 6pilovteg. EEetaler xai ta&ivopel ta &6agmn, dnwg Bpickov-
Tal 6TN PLOIKT TOovg Katdotacn. ‘O Edapounyavikdg EEetaler tic unya-
vikég 1816tnTeg 100 £3agoug xai T6 Bewpel oav drodoufy mds eépovoug
KQTOOKELTG.

‘O ynuixdg tob Edagpoug BAEREL 16 ESapog oav Eva Aemtd DAiko, (g
éni 16 mhelotov ypopatiopévo pé kentn i xovdpn dwaBaduion mov Exer
RERAEYUEVEG YNUIKEG Kai puoikég ididotnTec.

‘O yeondvog Bréner 16 Edagog oav &va péco ik thv dvartvEn wdv
outhv xai &vdapépetar yevikad yid tic cuvBijkeg tob tunmtog o0
B8pioketat xovtd otiv &agixn dmpaveia.

‘0 eidiksvpévog atic otpayyioeic Enweereital and THV Eureipio TV
napandve kAadwv, t1od Edagounyavikod, Edapoguoikod, yeardvov, Eda-
@oroyov x.Am. xai &vdiapéperar Baocikd yid xeiveg tig ididtnrec Tod
£3agpoug mov &rmpealovv THv kivnon tod vepod npde 16 Edagog kai péoa
ot6 Edagoc. '
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Méypr thpa dvagépape yi4 droxhicelg and tév vopo tod Darcy,
Otav 6 apbudg 1o Reynolds yiverar peyarog. "Exovv dpmc napatnpnlei
droxAicerg and t6v vopo tod Darcy xai y1d TV TepinToon TOAD pikp@v
GpOudv otd Reynolds ot &3apn pé moAd mikpodc mopovg (&pyiAddn).
“Yrapyer Aownov Eva katdtato dpio 100 Re pé MOAD piKpéc OSPavAIKEC
kAioelg népa anod 16 dnoilo N mapoyn Bcwpeitar undeviky fi S&v drakovel
oTOV Ypappikd vopo tod Darcy [6).

2.4. Metprioeic i vdpavdixiic dywyiustntac K
YId KOpETUEVN porf

2.4.1. Epyactnpiaxés petpricec
2.4.1.1. Zvoxevrj ué otabeps poptio

"Onwg paivetal 616 o). 9 petpape 16v 6yko 100 vepod V mod Exe
OLAAEYET G160 dykopetpikd doxeio oé yxpdvo t pé otabepd goptio AH.
‘H Statopn tod xvrivdpov mov @éper 16 Seiypa elvar 4 = (nd*/4) xai A
dadpoput tod vepod petald tdv onueiov 1 kai 2 mod perpiéTar § Srago-
pa 4H elvar L. Topgpova pé 16 vopo tod Darcy EYOvpe :

|4 AH V-L

=KA-—=> K= (2.22)

0= L T At AH

gLedv

P e
Fse OnepyelAuon,

/ o ..

=
E ’ _— "OyrnouetpuLud Soxelo

Zy. 9. Métpnon tiig v3pavhikiic dywyipdtntag pé otadepd poprio

£6aguLud Selyuo

3

. ant
oTadepd IL

gpoptlo
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2.4.1.2. Zvokevr ué uetabinté poptio

Z16 oyxfjua 10 6 corfvag o elvar BaBuoroynuévog kai otfv dpyn
1dV petpfoeov 16 @optio elvar Hy (xpévog t). "Otav 16 goptio oé
Xpovo t=t;+dt yiver H, t6te 6 dyxog 100 vepod V elvar icog tpdg

V=a(H,—-H),

énov a W dwatouny T0d corfiva ¢ xai d¥ = —adH. "H napoxn Q mov
Siépyetar and 1t Sratoun A tod peydrov cwifva elvar Q = (dV/dt) xai
¢pappolovrag 10V vopo tod Darcy Exovue

av  —q. H
adH:K-A

dr dt L
|
S” dH KA “'
- — =\ a
H, H alL Ji,
fi
l ik (t— 1)
n —=——(t —
H aL !

s UmepxeCAion

€6agpLnd SeTyua

Zy. 10. Métpnon tiig O8paviikilc dywyipdtntag pé petabintd goprio.

'Ano v éEicwon adtf raipvovps :

K= a-L-In (H,/H) ] .B)
A(t—1t)
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2.4.2. Merprigeig tiic Uopaviikijc dywyiuétnrac ot vnaifpo

2.4.2.1. Métpnon yid tjv nepintwaen brdplews EAevbepns émpdverag

INa v nepintoon nod drapyer Eevdepn dmpdavera (dnoyerog opi-
{ovtag) dvoiyovpe pid Omn 616 Edagog pé xvkAwkn Statopn pé Ty
BonBer1a EvOg Auger, Yy adtod xai i péBodog xakeltar Auger-hole method
[3]. =th ouvéxeia dvirolpe 16 vepd and v omf xai defvovpe Eva
ppovixd tbotnpe 41, obtwg Hote f o1G8um 1od vepold va aveBer katd
4h (Zyx. 11). ‘"H rapoxn Aownév Q@ 0a elvar Ton npodg

nre-4h

Q= yr (2.24)

‘H napoyf Spwg adty propel va 8pebel xai and 16 vopo tod Darcy
0=KiA

dh
dnov A elvat 1) mhevpikn dmeaveia ion pé 4 = 2n-x-h xai i =—

‘Eropévag
th

I "Exedfepn EmnigdveLa

smmmmmgom - B -

YIIY I YT YT I T T 7 7T Y Y 77T 7777 VYT TIT I T T TV T Y ITIT T T IIT 7

"ASLaT€paTo oTPRuUO
Zx. 11. “H pé00dog tfic dnfic ué Auger. *
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1| Tapoyn ypapsrat
dh
Q = Kz '27!~th

@emboﬁps TOpa 611 01O ypovikd Sidotnua At 1 ﬁapoxﬁ Q &elvin
otabepn} dHnoTe ) Mponyoduevn oxéon ypagetal

= 2nKhdh -
fi Gpod SAokAnpdoovpue uéta&é r xai x maipvovue
VS 2N .
Oin (=) = nK (R — ho?).
r

'AMLG Y@ pa Opopévn dndotaon R 16 h elvan ioo pé (H+S) xai #
napanave EEicwon yiveta

2_p 2
0~ x K(H+8)? —hy?] . (225

i In (R/r)
"And tig oxéoeis (2.24) xai (2.25) maipvovpe

N { In(R/r) }Ah [ Pin(R/r) } 4h
T L (H+SP =R | At {(H+S+‘ho) (H+S—ho) | 4t

Oi Hooghoud: 19, 10] xai Ernst avantoEav napdpoleg pe@ddovg dmoroyi- '
opod 100 K «xai xatain€av otoig mcoloueoog TOMOLG :
Tvrog 106 Hooghout

_23rS
= i logio (hi/hz) S = (r-HJ0.19) (2.26)
Tonoc to6 Ernst
4h 4.000 .
k=c C= . Q.27
At (20+Hjr) (2—h/H) h

X1G vopoypagfpata tdv ox. 12 xai 13 diveton # tipf tiig guvaprioenc

C=f(H hrs)
' v

oOpeova pé Tv péodo tod Ernst [14]. .
HO HE TNV J ¢ o~ R, (l&bwm.

VB e e
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r = 4cm i
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r = 4cm

Iy. 12. Nopoypapnua y1d t6v npocdiopiopd tig cuvaptiocews C (S > 1/2 H).

ApiBuntiké mapddeiyua

Aivetar 10 nnyadt 1o oy. 14 pé r=4 cm, H=126 cm xai dmov ol
avayvaoelg yivovtar pé 8aon &va penép keipevo of anécstaon W= 114
cm and tov otabepd drodyelo dpitovia. "Eyive ma Gvtinon kai 1o vepod
xatéBnke of andotacn h(t) = 145.2 cm anod 16 penép adtd (Znueioon:
Aév glvanr dvayxn va xatéBer 16 vepd péxpt 16V mubuéva).

M¢ Baon 1 otaBun adth xai pé tA Bondeta Evog TAwTipa ExTELOD-
pe 6 perpnoeig kabe 10 sec dnwg paivetar o1ov Tapaxkdte rivaka
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Zy. 13. Nopoypaonua yia tév npoa&opwug tfig ouvaptioeag C (S = 0)

8

12 16202432 40 60 80 120160 280 400 H

r = 4em

i | & |hw) | 4an

1
second | cm cm

0 145.2 | —
10 1440 | 1.2
20 142.8 | 1.2
30 141.7 | 1.1
40 1406 | 1.1
50 139.6 | 1.1

N hHhWN

At = tg — t; = 50 sec

h(ty)=h(t)—-W=1452-114 =312 cm

-

N
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TAwTrhpas |
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Zy. 14. "ApBuntikty dpappoyn
- 1
h="h()— 7Ah =31.2-28=284cm

(H/r) = 31.5 (hjr) = 7.1 *And 10 vopoypapnua tod oy. 12
(S>1/2 H)

naipvovpe C=6.0. ‘Enopéveg f tipn tod K elvar

K=C— = ?= 0,672 (cm/s) .

2.4.2.2. Métpnon nid v nepintwon nov ¢ Sndyeiog dpilovrag .
elvar modv xareBacuévog.

Ztiv nepintoon adth ypnoionotodps ™ pédodo Shallow Well
Pump-in Test [18]. )

Zoppwva pé ) péBodo adth dvoiyovue wid dnH otd dxdpecto Eda-
Qog pé diapetpo 2r. Ttf cvvéysia piyvoupe vepd péca othv dmf péxpt
gva dpwopévo Byog h, Mol mpoomabodue va t6 Siatnprioovpe ctadepd.
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A¥10 yiverar pué ) BonBera Evog mhothHpa nod pig eidomoisl dtav négrer
fi dveBaiver f| otdadun xai #ror dvayxaloépacte. va adEéfoouvpe i va
¢hattdoovpe TV napoxn. "Eva and ta perovextipata tiig pedddov od-
tfig elvan 8T eipaote Omoypeopévor va Siwatnpicovpe 16 1ot and 2-6
Nuépeg péxpig 6tov otabeponoindel N napoyxf. 16 ox. 16 a, b Sivovia
ta vopoypapniuata 1o U.S. Bureau of Reclamatwn ‘Yl(l Tic 800 TEPLTTY-

og1g tod oy. 15,

a) Tu = 3h

720 { ln(§+ V (%)2—1)—1}0

K=

2n h?

B) 3h>Tu=h

720 {31, ( %).‘Q}

nh (h + 2Tu)

Tu > 3h 3h> Tu3h

—

"Exeddepn énigdvela f &SLamé-

paTo OTPbua

Zy. 15. Tynpanky Sidtatn tdv ddo REPINTATEWV.

‘Ap1Bunticé napdderyua

"Exel9epn énvpdvera §

Tu adLarépato oTpdua

(2.28)

i

Aivetan h—lO67m(35ft),Tu—137m(45ft),r—50m(0167ft)

xai ol perpfoeig 100 napaxdre mivaxa

h

!

n/r
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‘Apxn Térog.
‘Huepounvia Xpdvog ‘Huepopunvia Xpoévog Xpodvog Q

min cm®Imin

8-10-58 08.00 8-10-58 11.00 180 962,77
8-10-58 11.00 8-10-58 14.00 180 934,45
8-10-58 14.00 8-10-58 18.00 240 707,92
9-10-58 18.00 9-10-58 05.30 690 509,70
9-10-59 05.30 9-10-58 11.30 360 . 538,02
9-10-58 11.30 9-10-58 18.00 390 538,02
9-10-58 18.00 10-10-58 05.30 690 566,33
10-10-58 05.30 10-10-58 11.30 360 538,02

"Exovpue Aowndv
(h/Tu) = 0.78 ,

(h/r) = 20.96 ,

"And 16 oyxfipa 160 raipvovpe

Q = 538,02 cm®/min.

K = 0,038 cm/min.





